I. INTRODUCTION
The fabrication of functional nanoscale devices requires the construction of complex architectures at length scales characteristic of atoms and molecules. Currently microlithography and micro-machining of macroscopic objects are the preferred methods for construction of small devices, but these methods are limited to the micron scale. An intriguing approach to nanoscale fabrication involves the association of individual molecular components into the desired architectures by supramolecular assembly. This process requires the precise specification of intermolecular interactions, which in turn requires precise control of molecular structure.
Organic polymers offer several advantages as materials for the constmction of small-scale devices, including ease of synthesis and fabrication, well-delineated structure-property correlations, and thermal and mechanical stability. However the ability to precisely define polymer architecture is severely restricted for all but the most simple sequences. Macromolecular structure is defined in terms of four architectural variables: molecular size, composition, sequence, and stereochemistry. The degree to which these variables can be controlled depends on the method of polymer synthesis; conventional methods of polymer synthesis afford only statistical control of each. Consequently most synthetic polymers are not pure substances but instead comprise heterogeneous populations of molecular species, and significant advances in the solution and solid state properties of polymeric materials have been associated with increased degree of control over one or more of the architectural variables. For example, the stereoregular polymerization of (Xolefins by the Ziegler-Natta procedure revolutionized polymer materials science by providing high melting, crystalline materials from simple, inexpensive building blocks [1] . In general, the synthesis of complex architectures is limited by the few available methods for the synthesis of precisely defined macromolecular architectures.
Polymers of uniform structure are synthesized by either of two techniques: iterative coupling of selectively activated monomers[2], or template-directed polymerization [3] . The former process consists of stepwise assembly of the desired material via a repetitive sequence of intermolecular coupling and activation steps (Scheme I). Two reactive end-groups are coupled intermolecularly, and one of the remaining end-groups is selectively deprotected. The process is repeated with addition of new reactants and the desired molecule is assembled sequentially. The serial nature of this process ensures that the microstructure of the polymer is determined by the identity of the individual reactants at each step. This process has found application in the assembly of complex structures both in solution and on solid supports. The former has been used, for example, in the synthesis of dendritic macromolecules [4] , and the latter procedure forms the basis for the Merrifield synthesis of polypeptides [5] . However, owing to the linear nature of the process, the degree of synthetic difficulty increases geometrically with the length (and thereby the complexity) of the sequence. This feature, coupled with the lack of an intrinsic proof-reading mechanism, limits this process to the synthesis of moderate length polymers, e.g., sixty residues for a polypeptide sequence.
In contrast to the iterative coupling procedure, template-directed synthesis can provide an intrinsic proof-reading capacity, and therefore a self-correction mechanism. In this procedure, a master template is used to specify the exact sequence of the target polymer, which is then assembled in a parallel process from the component monomers (Scheme II). The template can direct the synthesis of many copies of the target polymer by dissociation of the complementary polymer and repetition of the process. This procedure is currently limited in scope by the availability of suitably designed templates, which ideally must be uniform polymers themselves, and by formulation of appropriate mechanisms for the transfer of sequence information from the template to the reactive monomers. The best realized example of this process is protein biosynthesis, in which a DNA sequence serves as a template for the synthesis of the polypeptide chain through the intermediacy of a complementary mRNA sequence [ Figure 1 ].
